A multiplex PCR assay was developed for detection of the six types of glycopeptide resistance characterized in enterococci and for identification of Enterococcus faecium, Enterococcus faecalis, Staphylococcus aureus, and Staphylococcus epidermidis at the species level. Primers targeting the genes vanA, vanB, vanC, vanD, vanE, vanG, and ddl of E. faecium and E. faecalis and nuc of S. aureus and a chromosomal portion specific to S. epidermidis were designed to allow amplification of fragments with various sizes. This specific and sensitive technique allows detection of glycopeptide-resistant strains, in particular methicillin-resistant S. aureus, that may escape phenotype-based automated rapid methods.
Glycopeptide antibiotics are used in the treatment of infections caused by gram-positive bacteria in case of resistance or allergy to other antibiotics. Six types of glycopeptide resistance have been described in enterococci that can be distinguished on the basis of the sequence of the structural gene for the resistance ligase (vanA, vanB, vanC, vanD, vanE, and vanG) . VanA-type resistance is characterized by high-level resistance to both vancomycin and teicoplanin (3, 21) , whereas VanBtype strains are resistant to variable levels of vancomycin but susceptible to teicoplanin (3) . VanD-type strains are characterized by resistance to moderate levels of vancomycin and teicoplanin (10, 11, 30) . VanC (13) , VanE (15) , and VanG (8, 25) isolates exhibit low-level resistance to vancomycin only.
Glycopeptide-resistant enterococci (GRE), first reported in 1988 (21, 33) , are often resistant to multiple antibiotics, have a broad geographical distribution, and have become a major cause of nosocomial infections (5) . Three glycopeptide-resistant Staphylococcus aureus strains with a vanA genotype have been recently isolated in the United States (18, 26, 31) , and most importantly, two of these clinical isolates were not detected by automated in vitro susceptibility testing methods (18, 32) .
The first multiplex PCR-based method to identify glycopeptide resistance genotypes, as well as the enterococcal host species (12), was followed by numerous refinements (4, 17, 19, 23, 27) . However, detection of the vanD (10, 29, 30) , vanE (15) , and vanG (8, 25) genes was not included since these genotypes have only been detected recently.
The purpose of this work was to design a simple and rapid multiplex PCR for reliable detection of the various glycopeptide resistance genes and identification of the Enterococcus faecalis, Enterococcus faecium, Enterococcus gallinarum-Enterococcus casseliflavus-Enterococcus flavescens, S. aureus, and Staphylococcus epidermidis hosts at the species level.
Several methods for rapid preparation of template DNA from gram-positive cells have been reported. Direct suspension of bacteria in a PCR mixture (27) or the boiling method (4), which involves heating at 100°C, followed by centrifugation of the cell suspension, are the simplest and fastest techniques but did not yield the expected PCR products consistently. Extraction of bacterial DNA by rapid alkaline lysis (12) was the most efficient method for multiplex PCR. Cells from 3 ml of enterococci or 1.5 ml of staphylococci from an overnight shaken culture in brain heart infusion broth were harvested (15,000 ϫ g, 5 min); suspended in 150 l of a solution containing 50 mM Tris hydrochloride (pH 8.0), 10 mM EDTA, and 7% sucrose with either lysozyme (10 mg/ml; Sigma Chemical, St Louis, Mo.) for enterococci or lysostaphin (5 mg/ml; AMBI UK, Trowbridge, United Kingdom) for staphylococci; and incubated at 37°C for 20 min. The resulting protoplasts were lysed with sodium dodecyl sulfate (1.25%) for 10 min on ice, and after two phenol-chloroform extractions, total DNA was recovered in the supernatant after centrifugation (15,000 ϫ g, 5 min).
On the basis of the sequence alignment of the vanA, vanB, vanC, vanD, vanE, and vanG resistance genes, pairs of primers specific to each gene were designed to amplify internal fragments with sizes ranging from 430 to 941 bp ( Table 1 ). The vanB primers derived from the sequences of the vanB-1, vanB-2, and vanB-3 subtypes (28), which confer indistinguishable phenotypes, allow amplification of a single 635-bp product (Table 1) . Since the prototype VanD (30) and "VanD-4" (7, 11) proteins are only 85% identical but confer similar resistance phenotypes, a pair of primers able to amplify all of the vanD genes was designed (Table 1 ). There are three vanC genes, vanC-1, vanC-2, and vanC-3, which are, respectively, specific to the motile, intrinsically vancomycin-resistant enterococcal species E. gallinarum, E. casseliflavus, and E. flavescens (13, 27) . The vanC-2 and vanC-3 genes are nearly identical (99% identity) and are usually reported as vanC-2/3 (28) . A pair of degenerate primers that could amplify vanC-1 and vanC-2/3 was designed ( Table 1 ) that enables discrimination of these three species from other enterococci.
Since E. faecalis and E. faecium represent more than 95% of the clinical isolates collected (5), identification of enterococci based on the amplification of a fragment internal to the ddl gene encoding a D-Ala-D-Ala ligase included only these two species. Primers complementary to the S. aureus thermonuclease nuc gene (6) and to a chromosomal fragment specific to S. epidermidis (24) were used for identification of the two species.
One to three microliters of total DNA was subjected to multiplex PCR amplification in a 100-l reaction mixture containing 1ϫ PCR buffer (10 mM Tris-HCl [pH 9.0], 50 mM KCl, 1.5 mM MgCl 2, 0.1% Triton X-100, 0.2 mg of bovine serum albumin per ml), 50 M each deoxynucleoside triphosphate, 40 pmol of each of the 10 primer pairs (Table 1) , and 2 U of Taq polymerase (QBIOgene, Montreal, Quebec, Canada). Amplification was carried out with the following thermal cycling profile: 3 min at 94°C and 30 cycles of amplification consisting of 1 min at 94°C, 1 min at 54°C, and 1 min at 72°C, with 7 min at 72°C for the final extension. DNA fragments were analyzed by electrophoresis in 0.5ϫ Tris-borate-EDTA on a 1% agarose gel stained with ethidium bromide.
Assays using DNA of 19 phenotypically and genotypically well-characterized strains including glycopeptide-susceptible controls as a template confirmed the specificity of the PCR primers (Fig. 1) . Each GRE exhibited two amplification products with the expected size between 430 and 1,092 bp (Table 1) : one corresponding to the resistance genotype and the other corresponding to the host species (Fig. 1 ). There were no discrepancies between the results obtained by multiplex PCR Fig. 1 ). This result confirmed (i) that degenerate oligodeoxynucleotides (EC5 and EC8) specifically amplified a portion of the vanC-1 and vanC-2/3 genes and (ii) that primers specific to the ddl genes of E. faecalis and E. faecium were not able to amplify those of E. gallinarum and E. casseliflavus-E. flavescens. Furthermore, the primers used to amplify portions of the van genes did not amplify the host ddl gene. Glycopeptide-susceptible E. faecalis JH2-2 and E. faecium BM4107 produced a single PCR fragment corresponding to their respective ddl genes (Fig. 1) . Two S. aureus strains, MI-VRSA (31) and PA-VRSA (26), with the vanA genotype have been isolated in Michigan and in Pennsylvania, respectively. The total DNAs of these strains and glycopeptide-susceptible S. aureus COL were subjected to the multiplex PCR (Fig. 1) . Two fragments of 732 and 218 bp corresponding, respectively, to amplification of the vanA and nuc genes (Table 1) were obtained with the DNA of MI-VRSA and PA-VRSA, and a single 218-bp fragment was obtained with that of susceptible S. aureus COL (Fig. 1) . These results confirm that, as expected, the ddl primers for identification of E. faecalis (DD13 and DD3-2) and E. faecium (FAC1-1 and FAC2-1) ( Table 1) did not amplify S. aureus ddl and that the multiplex PCR can thus be used to detect the van operons in S. aureus.
Glycopeptide-susceptible S. epidermidis BM4577 was tested with primers Se705-1 and Se705-2 (Table 1 ) (24), and the expected PCR product of 124 bp was obtained (Fig. 1) . To test if the multiplex PCR was able to detect a putative VanA-type S. epidermidis strain, DNA from plasmid pAT613, which contains the vanA gene (1), was added at one copy per genome equivalent to that of S. epidermidis BM4577 and the mixture was subjected to amplification. As expected, fragments of 730 bp corresponding to vanA and of 124 bp specific to S. epidermidis were visible (Fig. 1) .
Seventy previously studied clinical isolates from our collection, including 5 of E. faecium (vanA), 4 Resistance to glycopeptides is disseminating rapidly (5, 36) and has recently spread to methicillin-resistant S. aureus (18, 26, 31) . Rapid and accurate methods are thus essential for the detection of such clinical isolates and the prevention of their transmission. In addition, MIC determination is time-consuming and does not detect GRE with low-level glycopeptide resistance (36) and misidentification of E. faecalis and E. faecium can occur with commercial systems (35) . Compared with the method of Patel et al., the technique we have devised does not require MspI restriction analysis to distinguish vanA from vanB (27) .
The multiplex PCR developed in this study is robust, sensitive, specific, and fast. It allows simultaneous identification of the most clinically important enterococci and staphylococci at the species level and detection of the six glycopeptide resistance gene clusters described so far in human isolates. One of the limitations of the method proposed, or of other similar assays, could be the sequence variability among van genes that has occasionally been observed (7, 9, 10, 14, (28) (29) (30) .
